Introduction {#S0001}
============

Hepatocellular carcinoma (HCC) resulting from hepatitis B virus (HBV) has become one of the most serious life-threatening diseases, with morbidity and mortality increasing in the last twenty years.[@CIT0001]--[@CIT0003] The Barcelona Clinic Liver Cancer (BCLC) guidelines recommend first-line treatment options for early-stage HCC, mainly including liver transplantation, surgical resection and local radical ablation.[@CIT0004],[@CIT0005] In particular, as a minimally invasive and easily repeatable treatment technique, thermal ablation is a promising and alternative option for unresectable HCC.[@CIT0006]--[@CIT0008] However, the difficulty of controlling the thermal field range and low puncture accuracy can easily cause damage to peripheral organs. Therefore, a precise and cautious operation is essential to remove these tumours in challenging locations (eg, subcapsular and perivascular locations).[@CIT0009],[@CIT0010] Cryoablation (CRA) has become one of the most effective locoregional therapies in HCC, presenting various advantages,[@CIT0011]--[@CIT0013] including the lack of serious damage to large blood vessels, the development of a visual ice ball activation of cryoimmunology in cancer and the absence of an association with severe pain. Most studies have reported that CRA has comparable outcomes to radiofrequency ablation (RFA) or microwave ablation (MWA) for HCC.[@CIT0014],[@CIT0015] Nevertheless, there are controversies in the comparison between CRA and the two other types of heat-induced ablation for HCC treatment in complex locations.

Previous studies have addressed the limitation of RFA for subcapsular HCC regarding local tumour control.[@CIT0016]--[@CIT0018] Among the several subcapsular locations of HCC, the subcardiac location is a well-known high-risk site due to its proximity to the heart. Therefore, the ablation zone may come into contact with the heart, which can result in mechanical damage or burns. Cha. et al[@CIT0019] compared the use of RFA for subcardiac and non-subcardiac HCC treatment to assess risk factors and technical failures. These authors pointed out that RFA is an effective and secure treatment for subcardiac HCC. However, CRA is an easier ablation method to control than RFA, mainly due to its discernible ablation boundary. Thus, CRA may also achieve similar outcomes and effects in subcardiac HCC.

The present study aims to evaluate the clinical safety, efficacy, therapeutic outcomes and risk factors of computed tomography-guided percutaneous cryoablation (CT-PCRA) for subcardiac HCC treatment. Moreover, this study also highlights CT-PCRA as a new treatment option for HCC ablation in this particular location.

Patients and Methods {#S0002}
====================

Patients {#S0002-S2001}
--------

The data related with CT-PCRA for subcardiac HCC is confidentiality. The study was carried out according to the ethical principles of the Helsinki Declaration and protocol was approved by the ethics committee of Linyi City Central Hospital. Due to the retrospective nature of this study, the requirement of patient consent for inclusion was waived. All medical cases of newly diagnosed HCC patients were evaluated in multidisciplinary meetings that included interventional radiologists, pathologists, hepatologists and oncologists to determine treatment methods, including liver transplantation, surgical resection, local thermal ablation, transarterial chemoembolization (TACE) and targeted chemotherapy (ie, sorafenib or lenvatinib). The study cohort consisted of 678 consecutive HCC patients who met the HCC diagnostic criteria, as defined by the American Association for the Study of Liver Diseases. All of the patients underwent computed tomography-guided percutaneous cryoablation (CT-PCRA) as the first treatment between July 2012 and August 2016, and their medical data were reviewed. The reasons for choosing CT-PCRA instead of surgical resection (SR) were as follows: (1) insufficient liver remnant; (2) psychological resistance to invasive treatment; and (3) refusal of general anaesthesia. The inclusion criteria for the cohort included the following parameters: (a) HCC lesions located on the left lobe; (b) a unique tumour with a maximum size of less than 5 cm and 2--3 tumours smaller than 3 cm; (c) absence of major vascular invasion or extrahepatic metastasis; and (d) Child-Pugh classification A or B. The exclusion criteria for the cohort were as follows: (a) severe medical comorbidities, including cardiac, pulmonary and renal dysfunctions; (b) serious clotting disorders (ie, platelet count \< 50 cells ×10^9.^L^−1^, prothrombin activity \< 40% and prothrombin time \>25 s); (c) serious active infection; and (d) loss to follow-up. Based on the inclusion and exclusion criteria, 73 patients (60 men and 13 women; average age of 58.6 years and mean tumour size of 2.6±0.7 cm) with 73 nodules submitted to CT-PCRA were selected for inclusion in this study. This method was used to identify patients undergoing CT-PCRA for subcardiac HCC according to electronic medical records and imaging reports. Two radiologists with 8 years of abdominal image analysis experience who were blinded to the clinical outcomes reviewed the HCC images manually. They used a communication system (PACS) and image archive to identify subcardiac HCC cases.

Subcardiac HCC Definition {#S0002-S2002}
-------------------------

Subcardiac HCC was defined as an index tumour in coronal or axial images on preablation imaging situated approximately 1 cm from the pericardium.[@CIT0019] The following data was extracted: (a) direction of the CRA electrode while inserting; (b) the shortest distance between the heart and index tumour. The distance between the heart and the tumour was determined from the lateral margin of the tumour to the nearest pericardium. According to the definition of subcardiac HCC, the patients included in the cohort were grouped into a subcardiac HCC group (n=33) and a non-subcardiac HCC group (n=40). [Figure 1](#F0001){ref-type="fig"} shows the patient enrolment pathway, along with the inclusion and exclusion criteria.Figure 1Flow diagram shows study patient accrual process.

Equipment and CRA Procedure {#S0002-S2003}
---------------------------

The TACE procedures were performed with the Allura Xper FD 20 (Philips Healthcare, Best, Amsterdam, The Netherlands) digital subtraction angiography (DSA) instrument. A 16-slice spiral computed tomography (CT) scanner (Brilliance CT BigBore; Phillip Medical Systems, The Netherlands) was used for cryoablation puncture guidance and image acquisition. The Cryo-HitTM (Galilmedical, Israel) system was used to perform cryoablation using argon gas as a cryogen. Consumables included the angiography catheter, the artery catheter sheath, the puncture needle (Terumo, Tokyo, Japan), gelatine sponge particles (Alicon, Hangzhou, China), lipiodol (Lipiodol Ultrafluide; Guerbet, Aulnay-Sous-Bois, France), the micro-catheter (Terumo, Tokyo, Japan) and chemotherapeutics including epirubicin (Shenzhen Main Luck Pharmaceuticals, Shenzhen, China) and lobaplatin (Chang'an International Pharmaceutical, Hainan, China). Before the CRA procedure, the patients were deeply sedated, and a thin metallic marker was set on the surface of the body over the target tumour with the patient in the supine position. A simple CT scan was performed first to verify the puncture path and the localization of the target lesion. The puncture site was anaesthetized with 2% lidocaine, and then a CRA electrode probe was introduced along the pathway to reach the opposite edge of the tumour lesion through its centre. The numbers and placement of cryoprobes, the time of ablation and the appropriate approach were established based on the size and shape of the tumour and on obtaining a visible "ice ball". The tumour was frozen at a maximum flow rate for approximately 15 minutes, thawed for 5 minutes and then frozen again for more than 15 minutes. The cryoprobes were removed after the temperature of the electrode tip reached a temperature above 0 °C. The purpose of this treatment was cytoreduction to ablate the largest amount of viable residual tumour to control its growth. The viable residual tumour was evaluated using contrast-enhanced CT or magnetic resonance imaging (MRI). After treatment with CRA, anti-inflammatory, liver protective, and symptomatic treatments were prescribed. We present one case of CT-PCRA for subcardiac HCC in [Figure 2](#F0002){ref-type="fig"}.Figure 2Contrast-enhanced computed tomography (CT) revealed a HCC of 3.7 cm in maximum diameter adjacent to heart in segment 4 of a 57-year-old woman with liver cirrhosis caused by hepatitis B. (**A**) CT axial scan showed a high density round nodule adjacent to heart in segment 4 in arterial phase; (**B**) two CRA electrode probes were inserted into subcardiac HCC inside under CT guidance; (**C**) a clear ice-ball covered in HCC nodule is shown in arterial phase CT image after CRA; (**D**) low density CRA zone is shown in plain CT image after 3 months; (**E**) low density CRA zone is shown in arterial phase CT image after 3 months; (**F**) low density CRA zone is shown in delay phase CT image after 3 months.

Data Collection {#S0002-S2004}
---------------

Clinicopathological data were collected, including sex, age, hepatitis B surface antigen, tumour amount and size, Child-Turcotte-Pugh (CTP) grade, AFP, albumin, aspartate aminotransferase (AST), alanine aminotransferase (ALT), total bilirubin, international normalized ratio (INR), platelet count, TACE sessions, CRA sessions, and albumin-bilirubin (ALBI) grade. ALBI grade is a novel method used for the evaluation of hepatic function. In comparison with the CTP classification, the ALBI grade eliminates subjective variables, such as ascites and encephalopathy.[@CIT0020] The ALBI score was calculated before treatment using the appropriate clinical parameters as follows: (log 10 bilirubin \[BI\] \[μmol/L\] × 0.66) + (albumin \[AL\] \[g/L\] ×-0.085); grade 1, 2, and 3 = ≤ −2.60, \> −2.60 to −1.39, and \> −1.39, respectively.

Assessment and Follow-Up {#S0002-S2005}
------------------------

Follow-ups were performed at one and three months after treatment and then at approximately 3--6 month intervals. Thereafter, the follow-up visits covered several evaluations, including routine physical examination, laboratory tests (such as total bilirubin, serum albumin, prothrombin time and tumour marker levels), and contrast-enhanced imaging including CT or MRI. Technique success was defined as the absence of contrast enhancement on imaging in any area of the mass after one month.[@CIT0021] Tumour response was assessed based on radiological evaluation according to the modified Response Evaluation Criteria in Solid Tumors (mRECIST). The oncological outcomes of this study were death and recurrence. OS was calculated from the date of the first session of CRA treatment for subcardiac HCC to the date of death or the date of the last follow-up (survival or loss). RFS was calculated from the date of the first session of CRA treatment for subcardiac HCC to the date of recurrence or the date of the last follow-up (survival or loss). Major complications were defined as events that caused substantial morbidity and disability that increased the level of care, led to hospital admission, or substantially prolonged the hospital stay.[@CIT0022]

Statistical Analysis {#S0002-S2006}
--------------------

SPSS 21.0 software (SPSS, Chicago, IL) was used to perform statistical analyses. The quantitative data are expressed as the mean ± standard deviation, while the qualitative data are expressed as the frequency. Pearson χ^2^ analysis or Fisher's exact test was executed for categorical variable comparisons. Continuous variables that fulfilled the normality assumption were compared using the two sample *t* test; otherwise, the Mann--Whitney *U*-test was performed. The Kaplan--Meier method with the Log rank test was used to evaluate OS and RFS. Significant effects of multiple factors on the survival rate were identified by a Cox proportional hazards model. For all tests, a P value \< 0.05 was considered statistically significant.

Results {#S0003}
=======

Baseline Characteristics {#S0003-S2001}
------------------------

A total of 73 consecutive patients with single subcardiac HCC who underwent CT-PCRA were retrospectively reviewed. The median follow-up time was 37.8 months. In addition, 7 patients with nodules \> 4 cm in diameter underwent transarterial chemoembolization (TACE) before CT-PCRA. Of these patients, 20 died, and 34 experienced recurrence. The characteristics of the patients and tumours are summarized in [Table 1](#T0001){ref-type="table"}. The majority of the patients were male and had hepatitis B virus infection and cirrhosis; there were no significant differences between the subcardiac and non-subcardiac HCC groups (p = 0.490, p = 0.644 and p = 0.542). Among the cases of subcardiac HCC, 21 were located on segment IV, and the remaining were located on segments II or III. The laboratory test results were as follows: the median AFP was 155.6 ng/mL (8.4--1236.9 ng/mL), the median ALT was 35.6 U/L (11.3--452.6 U/L), the median AST was 37.2 U/L (9.2--239.2 U/L), the median albumin was 37.8 g/L (30.7--58.1 g/L) and the median bilirubin was 13.5 g/L (5.0--141.9 g/L) in the subcardiac HCC group; the laboratory results were comparable with those in the non-subcardiac HCC group.Table 1Baseline CharacteristicsCharacteristicsSubcardiac HCC Group (n = 33)Non-Subcardiac HCC Group (n = 40)P valueAge (year), Mean ± SD (Range)59.3 ± 10.3 (32--76)58.2 ± 11.5 (35--78)0.283Gender0.490 Male26 (78.8)34 (85.0) Female7 (21.2)6 (15.0)Etiology0.644 HBV29 (87.8)33 (82.5) HCV2 (6.1)5 (12.5) No hepatitis2 (6.1)2 (5.0)Comorbidities0.188 Yes20 (60.6)30 (75.0) No13 (39.4)10 (25.0)Cirrhosis0.542 Yes31 (93.9)36 (90.0) No2 (6.1)4 (20.0)Tumor size (cm), mean ± SD (range)2.6 ± 0.7 (0.8--5)2.5 ± 1.0 (0.9--5)0.673 \<321(63.6)31 (77.5) ≥312(36.4)9 (22.5)Differentiation0.492 Low18 (54.5)25 (62.7) Moderate15 (45.5)15 (37.5)AFP level (ng/mL), median (range)155.6 (8.4--1236.9)127.5 (9.1--3390.2)0.398ALT (U/L), median (range)35.6 (11.3--452.6)36.2 (9.8--290.3)0.342AST (U/L), median (range)37.2 (9.2--239.2)34.4 (6.3--182.3)0.192Albumin (g/L), median (range)37.8 (30.7--58.1)39.0 (32.9--46.1)0.593Bilirubin (g/L), median (range)13.5 (5.0--141.9)10.2 (5.4--130.2)0.230CTP Grade0.586 A31 (93.9)39 (97.5) B2 (6.1)1 (2.5)ALBI Grade0.530 127 (81.8)35 (87.5) 2--36 (18.2)5 (12.5)Follow-up (months), median (range)37.8 (23.2--71.7)37.8 (23.2--71.7)0.727[^1]

Treatment Efficacy {#S0003-S2002}
------------------

The details of the treatment efficacy of CT-PCRA in subcardiac HCC patients are shown in [Table 2](#T0002){ref-type="table"}. Based on the follow-up imaging, the technical success rate of CT-PCRA for subcardiac HCC was 93.9% (31/33), which was comparable with that of subcardiac HCC (p = 1.000). The reason for the technical failure was incomplete tumour ablation (n =2) due to the technical difficulty of the procedure; both residual cases underwent a second CT-PCRA. Moreover, the number of patients with complete response (CR) was 7, partial response (PR) was 21, stable disease (SD) was 3, and progressive disease (PD) was 2 in the subcardiac HCC group. The objective response rate (ORR) was 77.8% (28/33), which was comparable with that of the non-subcardiac HCC group (p = 0.590). As three types of recurrence, LTP, IDR and EDR were found at 2 months, 13 months and 1 month after CT-PCRA. Of these patients, 11 underwent CRA, 2 underwent MWA, 1 underwent RFA, 2 underwent SR, and 1 refused to receive additional treatment.Table 2Treatment Efficacy After CT-PCRA for SHCCTreatment EfficacySHCC Group (n = 33)Non-SHCC Group (n = 40)P valueTechnical Success1.000 Yes31 (93.9)38 (95.0) No2 (6.1)2 (5.0)Tumor Response0.590 ORR28 (77.8)32(80.0)  CR7 (21.2)12 (30.0)  PR21(63.6)20 (50.0) SD3(9.1)5(12.5) PD2(6.2)3(7.5)Oncological Outcomes Death9 (27.2)11 (27.5)0.983 Recurrence16 (48.5)18 (45.0)0.766  LTP2 (6.2)2 (2.0)  IDR13 (39.4)14 (35.0)  EDR1 (3.1)3 (7.5)Treatment in Recurrence0.787 SR2 (6.2)1 (2.5) MWA2 (6.2)1 (2.5) RFA1 (3.1)2 (5.0) CRA11 (33.2)14 (87.5) TACE0 (0)1 (2.5) Refuse treatment1 (3.1)0 (0)[^2]

Oncological Outcomes and Risk Factors After CT-PCRA {#S0003-S2003}
---------------------------------------------------

After a median follow-up time of 37.8 months, the cumulative 1-, 3- and 5-year OS rates were 84.4%, 70.3% and 70.3%, respectively, in the subcardiac HCC group and 85.2%, 70.8% and 70.8% in the non-subcardiac HCC group ([Figure 3A](#F0003){ref-type="fig"}). There were no statistically significant differences between the two groups (p = 0.822). The cumulative 1-, 3- and 5-year RFS rates were 67.6%, 39.0% and 26.9%, respectively, in the subcardiac HCC group and 68.5%, 36.6% and 36.6%, in the non-subcardiac HCC group ([Figure 3B](#F0003){ref-type="fig"}). There were no statistically significant differences between the two groups (p = 0.920). Univariate and multivariate logistic regression analyses were performed to identify predictors influencing the long-term outcome of patients with subcardiac HCC who underwent CT-PCRA. The univariate analysis showed statistically significant differences in terms of OS rates, depending on age (hazard ratio \[HR\]: 1.257, 95% confidence interval \[CI\]: 1.637--4.324; p = 0.007) and ALBI grade (HR: 2.024, 95% CI: 1.302--4.294; p = 0.038). The multivariate analysis showed that older age (HR: 2.382, 95% CI: 1.884--7.823; p = 0.002) and ALBI grade 2--3 (HR: 3.398, 95% CI: 1.950--6.058; p = 0.021) may be predictors of poor OS. ([Table 3](#T0003){ref-type="table"}). The univariate analysis showed statistically significant differences in terms of RFS rates depending on tumour size (HR: 2.916, 95% CI: 1.562--5.274; p = 0.034). The multivariate analysis showed that tumour size ≥3 cm in diameter (HR: 3.302, 95% CI: 2.232--8.293; p = 0.012) may be a predictor of poor RFS ([Table 4](#T0004){ref-type="table"}).Table 3Factors Associated with OS After CT-PCRA for EHCCFactorUnivariate AnalysisMultivariate AnalysisHR (95% CI)*P* valueHR (95% CI)*P* valueAge (years)1.257 (1.637, 4.324)0.0072.382 (1.884, 7.823)0.002 \<652121 ≥651212Gender1.783 (0.838, 4.034)0.903...... Male2626 Female77Comorbidities2.403 (0.934, 3.134)0.673...... Positive2020 Negative1313Cirrhosis1.578 (0.758, 4.403)0.793...... Positive3131 Negative22Hepatitis B surface antigen2.512 (0.368, 4.447)0.442...... Positive2929 Negative44Tumor size (cm)1.916 (0.776, 4.384)0.612...... \<32121 ≥31212α-fetoprotein level (ng/mL)2.920 (0.834, 4.123)0.445...... ≤202727 \>2066Child--Pugh grade2.302 (0.784, 4.452)0.393...... A3131 B22ALBI grade2.024 (1.302, 4.294)0.0383.398 (1.950, 6.058)0.021127272--366[^3] Table 4Factors Associated with RFS After CT-PCRA for EHCCFactorUnivariate AnalysisMultivariate AnalysisHR (95% CI)*P* valueHR (95% CI)*P* valueAge (years)0.932 (0.427, 3.336)0.782...... \<652121 ≥651212Gender1.478 (0.058, 3.362)0.246...... Male2626 Female77Comorbidities1.478 (0.058, 3.362)0.246 Positive2020 Negative1313Cirrhosis1.478 (0.058, 3.362)0.246 Positive3131 Negative22Hepatitis B surface antigen2.227 (0.568, 4.447)0.459...... Positive2929 Negative44Tumor size (cm)2.916 (1.562, 5.274)0.0343.302 (2.232, 8.293)0.012 \<32121 ≥31212α-fetoprotein level (ng/mL)0.884 (0.271, 1.193)0.445...... ≤2002727 \>20066Child--Pugh grade1.012 (0.332, 3.192)0.093...... A3131 B22ALBI grade1.398 (0.950, 2.058)0.401...... 12727 2--366Sessions1.478 (0.058, 3.362)0.246...... 13030 \>133[^4] Figure 3Kaplan-Meier curves showed that comparation of cumulative overall survival (OS) and recurrence-free survival (RFS) rate between subcardiac HCC and non- subcardiac HCC group. (**A**) cumulative 1-, 3-, 5- years OS rate were 76.4%, 70.3% and 70.3% in subcardiac HCC group and 76.4%, 70.3% and 70.3% in non-subcardiac HCC group. There were no significant differences between two groups (p = 0.822); (**B**) cumulative 1-, 3-, 5- years RFS rate were 76.4%, 70.3% and 70.3% in subcardiac HCC group and 76.4%, 70.3% and 70.3% in non-subcardiac HCC group. There were no significant differences between two groups (p = 0.920).

Complications {#S0003-S2004}
-------------

No CT-PCRA-related deaths occurred. Among patients with subcardiac HCC, major complications related to the CRA procedure were observed in 2 (6.1%), including intra-abdominal bleeding and right pleural effusion at 2.2 and 3.1 months, which were comparable with those of non-subcardiac HCC patients (p = 0.683). Minor complications were observed in 13 (39.4%) patients, including mild abdominal pain, fever, nausea, vomiting, thrombocytopenia, and local superficial partial-thickness frostbite, which were comparable with those of non-subcardiac HCC patients (p = 0.487). All minor complications were transient and resolved within one week ([Table 5](#T0005){ref-type="table"}). The mean pain scores according to the visual analogue scale (VAS) at 2 h, 1 day, 2 days and 3 days after CRA were 2.03 ± 1.17, 0.78 ± 0.21, 0.56 ± 0.11, and 0.04 ± 0.17, respectively. There was no arrhythmia or tachycardia or any symptoms of ischaemic heart disease.Table 5Complications After CT-PCRA for SHCCComplicationsSubcardiac HCC Group (n = 33)Non-Subcardiac HCC Group (n = 40)P valueMajor Complications0.683 Intra-abdominal \
 bleeding1 (3.0)- Haemorrhage\-- Pleural effusion1 (3.0)2 (5.0) Severe ascites\-- Abscess-2 (5.0)Minor Complications0.487 Fever3 (9.1)5 (12.5) Pain7 (21.2)12 (30.0) Nausea1 (3.0)2 (5.0) Vomit\-- Thrombocytopenia1 (3.0)- Local superficial\
 partial-thickness \
 frostbite1 (3.0)-[^5]

Discussion {#S0004}
==========

For patients with subcardiac HCC, reasonable treatment strategies have always been difficult and challenging for interventionalists when thermal ablation procedures are performed. The reason is that the thermal field range is difficult to control, so doctors dare not overuse. CRA provides two important potential advantages over other modes of heat-induced ablation, including MWA and RFA.[@CIT0023]--[@CIT0025] First, CRA provides a larger ice ball generated from multiple simultaneous cryoprobes. Second, CRA can be clearly identified when submitted to intraprocedural CT, and a clear boundary and the shape of the generated ice ball can be observed. Our team used CT-PCRA for subcardiac HCC treatment in several cases. Subsequently, we retrospectively analysed the efficacy and safety of this ablation technology.

Numerous large case series have recommended that topographic factors may prevent the RFA local tumour control of HCC.[@CIT0026]--[@CIT0028] Likewise, Cha et al reported[@CIT0019] that HCC in high-risk locations, such as subcardiac tumours, is a risk factor for postablation complications. Recurrence and severe complications after ablation were unavoidable when HCC nodules abutting the heart were found. Nevertheless, the present study found that the technical success rate (33/36 tumours; 91.6%) and ORR (28/36 tumours; 77.8%) in the subcardiac HCC group were relatively high. Therefore, this study shows that CT-PCRA for subcardiac HCC is a successful and feasible treatment in terms of the technical success rate and ORR, which were comparable to those of non-subcardiac HCC. These results also suggest that nodules abutting the heart are not a risk factor for CT-PCRA technical failure.

This study also showed that the 5-year OS and RFS rates were 70.3% and 26.9%, respectively, in patients with subcardiac HCC and that these data are comparable with those of non-subcardiac HCC patients. Previously, Rong et al showed that 866 patients with HCC who met the Milan criteria underwent CRA had cumulative OS and LTP rates of 59.5% and 24.2%, respectively, over 5 years.[@CIT0029] Advanced age, multiple injuries and a family history of HCC were identified as independent significant negative predictors of OS after CRA. Here, we observed the survival outcome after CT-PCRA in patients with subcardiac HCC based mainly on age and ALBI grade. These findings are consistent with results from previous studies. ALBI is an objective and simple method for assessing liver function associated with overall mortality,[@CIT0030] which may explain the importance of maintaining hepatic function reserve. In addition, larger tumour size was an indicator of recurrence after CT-PCRA, similar to the findings of previous studies.[@CIT0014],[@CIT0015],[@CIT0031]

CRA can interfere with cardiac conductivity, although arrhythmias associated with this procedure rarely occur. However, very low temperatures may cause haemorrhagic cardiac tamponade. This study found two severe complications after the CT-PCRA procedure in the subcardiac HCC group, similar to that in the non-subcardiac HCC group. Fortunately, no tachycardia, arrhythmia or symptoms of ischaemic heart disease were observed in the two HCC groups undergoing the CRA procedure. Although the 6.1% occurrence rate observed here is higher than the 4.1% occurrence rate previously obtained by Cha et al,[@CIT0019] this may be attributed mainly to the performance of CRA without any assistive technology, such as hydrodissection. The continuous movement of the heart can avoid constant contact of the heart with the low temperatures from the CRA electrode during ablation. Assistive technology and continuous heart movement may be key factors in preventing heart frostbite in subcardiac HCC patients. On the other hand, the continuous movement of the heartbeats can oscillate the liver and cause direct unwanted damage to the heart by the sharp tip of the electrode, even if it is kept in place. Therefore, careful planning before treatment in subcardiac HCC patients is essential, and the CRA electrode pathway must be checked to be safe and to prevent the electrode tip from moving towards the heart while it is inserted. If this is not possible, other procedural options, such as radiation therapy and TACE, may be considered.

The present study highlights that CRA can obtain similar results in subcardiac HCC patients and may be a new treatment option for HCC ablation in this high-risk location. However, this study has some limitations. First, this study evaluated a relatively small series of patients. A limited sample size and the retrospective nature of this study may reduce the statistical power of the comparative analysis, so that some associations may not have been detected. In addition, all patients in our cohort were treated at the same medical centre, and therefore, it is difficult to exclude any bias completely. Finally, ablation success was evaluated by radiographic findings in relation to pathologic margin-free status. Although intermediate follow-up was reported, radiographic techniques may take longer to detect failures in ablation.

In conclusion, CT-PCRA treatment for subcardiac HCC patients can be performed safely and effectively and contribute to improving the survival prognosis. At the time of preoperative planning, special concern is needed to reduce the recurrence rate of the procedure when the patient has a larger tumour size (diameter \>3 cm).
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[^1]: **Note:** Unless otherwise indicated, numbers in parentheses are the percentage.

    **Abbreviations:** SD, standard deviation. HBV, hepatitis B virus; HCV, hepatitis C virus; CTP, child-turcotte-pugh; AFP, α-fetoprotein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; INR, international normalized ratio; ALBI, albumin- bilirubin.

[^2]: **Note:** Unless otherwise indicated, numbers in parentheses are the percentage.

    **Abbreviations:** SD, standard deviation. ORR, objective response rate; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease. RFA, radiofrequency ablation; MWA, microwave ablation; TACE, transarterial chemoembolization; SR, surgical resection; CRA, cryoablation.

[^3]: **Notes:** Data in parentheses are 95% confidence intervals. Variables were analyzed by a univariate model of Cox Proportional Hazard Test; those with a P-value \< 0.05 were showed here and were forwarded to the multivariate analysis.

    **Abbreviations:** OS, overall survival; EHCC, subcardiac hepatocellular carcinoma; CT-PCRA, computed tomography-guided percutaneous cryoablation; ALBI, albumin--bilirubin.

[^4]: **Notes:** Data in parentheses are 95% confidence intervals. Variables were analyzed by a univariate model of Cox Proportional Hazard Test; those with a *P*-value \< 0.05 were showed here and were forwarded to the multivariate analysis.

    **Abbreviations:** RFS, recurrence-free survival; EHCC, subcardiac hepatocellular carcinoma; CT-PCRA, computed tomography-guided percutaneous cryoablation; ALBI, albumin--bilirubin.

[^5]: **Note:** Unless otherwise indicated, numbers in parentheses are the percentage.
